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Predictive Biomarkers  
of Melanoma

Ailish Hanly, Frederick Gibson, 
and Rhoda M. Alani

16.1	 �Diagnostic Biomarkers

16.1.1	 �S100

The S100 protein family was first identified in 
glial cells and has since been used as a marker for 
several tumors, including melanoma [2, 3]. These 
dimeric calcium sensors play a role in numerous 
cellular processes, including cell cycle, apopto-
sis, cell motility, and differentiation [4]. S100 is 
among the most commonly used IHC markers for 
melanoma, having first been identified in mela-
noma in 1980 [3]. The utility of S100 in the diag-
nosis of melanoma is a function of its high 
sensitivity, with over 90% of melanoma tumors 
staining positive for S100 [5, 6]. However, its 
specificity is low, estimated to be between 
70–87% [7–9], given its expression in a number 
of different tissues.

16.1.2	 �HMB-45

HMB-45, a monoclonal antibody that recognizes 
gp100, has been shown to be highly specific for 
melanoma. Several studies, in fact, have demon-
strated 100% specificity for melanoma [10–12]. 
Its sensitivity, however, ranges from 69–93%, 
with higher sensitivity observed in primary com-
pared to metastatic melanomas [7]. In addition, it 
has been shown to be unreliable in the detection 
of nodal disease [13], suggesting that the most 
useful application of HMB-45 is in conjunction 
with other markers.

16.1.3	 �Melan A

Melan A, also known as MART-1, is a cell sur-
face protein expressed in primary human melano-
cytes and melanomas recognized by autologous 
T-cells [14]. It is expressed in melanomas, benign 
nevi, and normal melanocytes as well as perivas-
cular epithelioid cell tumors (PEComas), clear 
cell sarcomas, adrenal cortical tumors, and some 
sex cord stromal tumors. While it has lower sen-
sitivity than S100, it is superior in terms of speci-
ficity, with many studies reporting >95% 
specificity for melanoma versus other malignan-
cies [7, 15]. Melan A has higher sensitivity in pri-
mary melanomas (~85–97%) compared to 
metastatic (57–92%) [6]. Because it is not 
expressed in the dendritic cells in the lymph 
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nodes, it is superior to S-100 and HMB-45  in 
detecting microsatellites in sentinel lymph nodes 
[7, 13]. In addition, it is one of the recommended 
stains during Mohs micrographic surgery given 
its high sensitivity in frozen sections [16, 17].

16.1.4	 �Chondroitin Sulfate 
Proteoglycan 4 (CSPG4)

Chondroitin sulfate proteoglycan 4 (CSPG4), 
also known as high molecular weight melanoma-
associated antigen or melanoma chondroitin sul-
fate proteoglycan, is involved in tissue 
development, cell adhesion and motility, and pos-
sibly metastasis [18]. It is expressed in >85% of 
primary and metastatic melanomas [19, 20]. It 
has shown superiority to Melan A, S-100, and 
HMB-45  in staining metastatic lesions, with 
>90% sensitivity [21]. Moreover, it is particularly 
useful for diagnosing desmoplastic melanoma, 
showing greater sensitivity compared to HMB-45 
and Melan A [22].

16.2	 �Prognostic Biomarkers

16.2.1	 �Immunohistochemical 
Markers

16.2.1.1	 �Mitotic Rate
Mitotic rate, while no longer included in the 
American Joint Commission on Cancer (AJCC) 
melanoma staging system, is nonetheless a sig-
nificant predictor of patient survival. Higher 
mitotic rate in a primary melanoma correlates 
with lower survival probability, and is the second 
most significant predictor of melanoma-specific 
survival after tumor thickness [23].

16.2.1.2	 �Ki-67
Ki-67 is a commonly used marker of cell prolif-
eration that is expressed during all active stages 
of the cell cycle (late G1, S, G2, and M) [24] and 
is therefore sometimes used as an alternative to 
mitotic count [25]. The utility of Ki-67 in deter-
mining prognosis in melanoma is somewhat con-

troversial. While Ostmeier et al. reported Ki-67 
to be an independent prognostic factor in primary 
melanomas [26], other studies suggest that the 
relationship between Ki-67 and poorer clinical 
outcomes is mediated by other clinicopathologic 
features, such as ulceration [27, 28]. Additionally, 
there is conflicting evidence regarding the corre-
lation between Ki-67 and tumor thickness. 
Moretti et al. found a positive correlation between 
Ki-67 staining and metastatic activity in melano-
mas <1.5 mm thick, while there was a negative 
correlation in primary melanomas >1.5 mm thick 
[29]. However, other studies have reported an 
opposite trend, finding the association only in 
thick melanomas [30–32].

16.2.1.3	 �Melanoma Cell Adhesion 
Molecule (MCAM)

Melanoma cell adhesion molecule (MCAM or 
Mel-CAM), also known as MUC18 or CD146, is 
a cell adhesion molecule that plays a role in the 
invasiveness and motility of melanoma. It is 
highly expressed in both primary and metastatic 
melanoma [33]. Non-metastatic melanoma cells 
transfected with MCAM showed increased meta-
static potential and tumorigenicity compared to 
controls [34]. Prospective studies investigating 
the relationship between MCAM expression and 
patient outcomes found that increase in MCAM 
staining intensity was associated with decreased 
survival [35]. Furthermore, MCAM expression 
was independently predictive of survival and 
development of metastases in patients meeting 
criteria for sentinel lymph node biopsy (SLNB), 
suggesting that MCAM expression may have 
utility in stratifying SNLB based on risk [36].

16.2.1.4	 �Multiple Marker Arrays
Although the biomarkers discussed above have 
each shown diagnostic and prognostic value, they 
are all limited by either their sensitivity or speci-
ficity. More recently, Alonso et al. used a tissue 
microarray (TMA) study to analyze 165 malig-
nant melanoma tumors. They identified a predic-
tor model with four antibodies (Ki67, p16INK4a, 
p21CIP1, and Bcl-6) that was associated with 
shorter overall survival (OS) in patients with ver-
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tical growth phase melanoma [37]. Kashani-
Sabet and colleagues have developed two 
multi-marker assays for use in melanoma diagno-
sis and prognosis. The first, a five marker diag-
nostic assay consisting of ARPC2, FN1, RGS1, 
SPP1, and WNT2, was 95% specific and 91% 
sensitive in distinguishing melanoma from 
benign and dysplastic nevi [38]. The second 
study identified an array of three biomarkers 
(NCOA3, SPP1, and RGS1) that was found to be 
an independent prognostic predictor of disease-
specific survival [39]. Gould-Rothberg et al. used 
the Automated Quantitative Analysis (AQUA) 
method for immunofluorescence staining and 
identified five key markers (ATF2, p21WAF1, 
p16INK4A, β-catenin, and fibronectin) that distin-
guished high- and low-risk groups for melanoma-
specific mortality [40]. A more recent study 
included seven biomarkers (Bax, Bcl-X, PTEN, 
COX-2, loss of β-catenin, loss of MTAP, and 
presence of CD-20 positive B-lymphocytes) in 
their model, which was an independent negative 
predictor for OS and recurrence-free survival 
(RFS) [41]. While these IHC panels are likely to 
be more useful at determining prognosis in mela-
noma than individual biomarkers, their clinical 
utility remains to be determined.

16.2.2	 �Genetic Biomarkers

16.2.2.1	 �KIT
KIT is a receptor tyrosine kinase (RTK) that 
plays a role in the development of numerous cell 
lineages including melanocytes, mast cells, and 
hematopoietic progenitor cells [42]. 
Amplifications and activating mutations of KIT 
have been observed at increased frequency in 
melanomas of mucosal, acral, and chronically 
sun damaged skin [43]. While early studies treat-
ing melanoma patients with imatinib showed 
limited clinical efficacy and significant toxicity; 
these studies did not select for patients with KIT 
mutations or amplifications [1, 44–46]. More 
recent studies in melanoma patients harboring 
activating KIT alterations have demonstrated sig-
nificant efficacy of RTK inhibitors [47–51].

16.2.2.2	 �Cdkn2a/b
While UV radiation is a known environmental 
risk factor for melanoma, large pedigrees of 
familial melanomas have allowed for the identifi-
cation of heritable genetic mutations associated 
with a predisposition to melanoma [52]. Two 
genes associated with a predisposition to mela-
noma, CDKN2A and CDKN2B, are located in 
the INK4 locus on chromosome 9p21 and encode 
tumor suppressor proteins [53]. Germline 
CDKN2A mutations have been observed in an 
estimated 20% of tested melanoma families [52, 
54–56]. CDKN2A encodes p16 and p14ARF. The 
p16 protein inhibits CDK4 and CDK6, thereby 
preventing the formation of CDK/Cyclin D com-
plexes that phosphorylate and activate the retino-
blastoma protein. Loss of p16 results in 
uninhibited cell cycle progression and contrib-
utes to tumorigenesis [56, 57]. The p14ARF pro-
tein acts through the p53 pathway to allow cell 
cycle arrest and apoptosis [58, 59]. Partial or 
complete deletion of the INK4 gene cluster has 
been observed in most melanoma cell lines and in 
almost half of melanoma metastases [60–62]. 
Conway et al. found that reduced gene dosage of 
the regions of 9p21 encoding CDKN2A, 
CDKN2B, and P14ARF was associated with 
increased tumor thickness, mitotic rate, and 
ulceration [59]. Similarly, Grafström et  al. 
reported that monoallelic or biallelic deletions in 
the INK4 region were associated with reduced 
median survival [62].

16.2.2.3	 �Expression Profiling
Gene expression profiling (GEP), which involves 
measuring the expression of a panel of genes 
using mRNA, has been used to predict prognosis 
and response to therapy for a number of different 
cancers [63]. While there are commercially avail-
able GEP tests marketed as being able to classify 
cutaneous melanoma based on the risk of metas-
tasis, it remains unclear whether the use of GEP 
tests provide any additional prognostic informa-
tion in comparison with or in addition to known 
clinicopathologic factors (patient age, sex, tumor 
location, thickness, ulceration, SLNB status, 
lymphovascular invasion, microsatellites, and 
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mitotic rate), according to the 2020 National 
Comprehensive Cancer Network (NCCN) guide-
lines [64]. Winnepenninckx et al. performed the 
first study linking gene expression profiling of 
melanoma to clinical outcome and identified 254 
genes that were associated with distant metastasis-
free survival of patients with primary melanoma 
[65]. In stage III melanoma, a set of 21 genes was 
identified that accurately predicted clinical out-
come in 85–90% of patients [63]. Jönsson et al. 
performed hierarchical clustering of 3000 genes 
from stage IV melanomas and found four tumor 
subtypes characterized by expression of immune 
response, pigmentation, proliferation, or stromal 
composition [66]. They observed a different 
prognosis between subtypes, with the prolifera-
tive subtype associated with the worst survival 
[66]. Several other studies have identified gene 
profiles in subsets of melanoma patients that pre-
dict clinical outcomes [67–69]. In 2015, Gerami 
et al. identified a 28-gene signature that classifies 
tumors as either low risk (class 1) or high risk 
(class 2) of metastasis [70]. A diagnostic test 
comprised of these 28 genes, along with 3 control 
genes, has since been developed, called 
DecisionDx-Melanoma. Its prognostic utility in 
predicting recurrence and metastasis has been 
validated in three prospective studies [71, 72], 
and the test is now covered by Medicare and 
Medicaid for patients over 65 years old with T1a, 
T1b, and T2 tumors [73]; however, its ability to 
provide clinically actionable prognostic informa-
tion remains to be determined.

16.2.2.4	 �MicroRNA (miRNA)
miRNAs are short non-coding RNAs that act 
post-transcriptionally to modify gene expression 
and have been shown to be differentially 
expressed in melanoma compared to healthy con-
trols [74]. Circulating miRNA expression has 
been found to have the potential to improve the 
diagnosis, prognosis, and monitoring of response 
to treatment in melanoma patients [75, 76]. While 
several studies have found single miRNA expres-
sion (miR-16, miR-206, miR-210, miR-15b, 
miR-205, miR-29c, miR-221, miR-21) to corre-
late with melanoma disease stage, survival, tumor 
burden, and recurrence [77–85]; others have 

focused on developing miRNA expression panels 
to improve diagnostic and prognostic accuracy. A 
miRNA array from 59 melanoma metastases 
identified a signature of 18 miRNAs whose over-
expression was significantly associated with sur-
vival [86]. Stark et al. developed an miRNA panel 
of seven miRNAs that was able to detect mela-
noma with high sensitivity (93%) and specificity 
(82%) and was reported to be superior to LDH 
and S100B for melanoma progression, recur-
rence, and survival [87]. Analysis of 355 miR-
NAs in the sera of 80 melanoma patients at 
primary diagnosis revealed a signature of 5 miR-
NAs classifying melanoma patients into high and 
low recurrence risk groups and 4 miRNAs that 
varied dynamically with tumor burden [88], 
while analysis of serum levels of 12 miRNAs 
from 283 melanoma patients at diagnosis found a 
panel of four miRNAs to be predictive of RFS, 
OS, and recurrence in combination with stage 
[89]. To date, no single miRNA or miRNA panel 
has been proven to be an actionable clinical 
biomarker.

16.2.2.5	 �Circulating Tumor DNA 
(ctDNA)

Levels of circulating tumor DNA (ctDNA) in 
cancer patients are associated with tumor burden, 
cell turnover, and location of metastasis [90]. 
BRAF and NRAS mutations occur in approxi-
mately 50–70% and 20% of melanomas, respec-
tively [91, 92], and may be detected in peripheral 
blood of melanoma patients arising from necrotic 
or apoptotic circulating tumor cells. In melanoma 
patients with early stage disease, ctDNA levels 
are often undetectable [93]; however, in patients 
with late stage metastatic disease, levels of 
ctDNA have been shown to be significantly asso-
ciated with progression free survival (PFS) and 
response to treatment [94, 95]. In a longitudinal 
assessment of ctDNA in patients treated with 
PD-1 inhibitors, a favorable ctDNA profile 
(undetectable ctDNA at baseline and during 
treatment) predicted OS, PFS, and tumor 
response to treatment compared to an unfavor-
able ctDNA profile (detectable ctDNA at base-
line and during treatment) [96]. ctDNA may also 
be useful for monitoring development of resis-
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tance to treatment, particularly targeted therapy, 
by detecting resistance mutations along with 
monitoring disease progression [94, 97].

16.2.2.6	 �DNA Methylation
Epigenetic changes of ctDNA, such as DNA 
methylation, are detectable in peripheral blood 
and are actively being investigated for their use as 
biomarkers in a number of cancers [98]. In mela-
noma, hypermethylation of a number of genes 
(RAR-beta2, RASSF1A, IDH1, CDKN2A) has 
been identified and shown to have prognostic and 
therapeutic significance [99, 100]. 
Hypermethylation of genes involved in tumor 
suppression and DNA repair such as RASSF1A, 
MGMT, and RAR-beta2 have been associated 
with poorer survival and treatment response 
[100–104]. A comprehensive DNA methylation 
analysis of all stages of melanoma revealed a 
prognostic signature of three genes (MEOX2, 
OLIG3, and PON3) for which the degree of DNA 
methylation may predict the prognosis of mela-
noma patients [105]. More recently, Guo et  al. 
identified a prognostic four-DNA methylation 
signature independent of all clinical factors with 
high predictive performance for patients in early 
stages and with tumor thickness less than 2 mm 
[106]. In addition, DNA methylation profiles 
from melanoma tumors have been shown to be 
distinct from other tumors and methylation pro-
files of healthy controls [101].

16.3	 �Serologic Biomarkers

16.3.1	 �Lactate Dehydrogenase (LDH)

Lactate dehydrogenase (LDH) is essential for 
anaerobic glycolysis and is frequently upregu-
lated in tumor cells, providing a survival advan-
tage in a hypoxic environment. While LDH is not 
specific to melanoma progression, it is the stron-
gest independent prognostic factor for melanoma 
progression in late stage disease [107]. Serum 
LDH is the only marker so far that has been 
incorporated into the AJCC melanoma staging 
and classification system [108] and is recom-
mended as part of the standard workup following 

identification of metastatic disease by the 2020 
NCCN guidelines [64]. In a meta-analysis of 
7972 patients with stage IV melanoma, elevated 
serum LDH was an independent and significant 
predictor of survival outcome with 1- and 2-year 
OS rates of 65% and 40%, respectively, for those 
with normal serum LDH compared to 32% and 
18% for those with elevated serum LDH [108]. 
Serum LDH is commonly used in the manage-
ment of patients with late stage melanoma; how-
ever, due to its low specificity, false positive 
results are common from other conditions involv-
ing hemolysis, necrosis, and apoptosis, and it has 
not been helpful in distinguishing patients with 
early stage melanoma from healthy controls 
[109].

16.3.2	 �S100

Serum S100 Beta (S100B) is an indicator of 
tumor burden and has been correlated with tumor 
stage, survival, and recurrence [110, 111]. S100B 
has also been shown to be more specific for mela-
noma metastases compared to LDH [112]. In a 
meta-analysis of 3393 patients with stage I to IV 
melanoma, S100B positivity was associated with 
significantly poorer survival in all stages of mela-
noma [113]. However, other studies have failed 
to find any prognostic significance in patients 
with microscopic disease or those who are clini-
cally tumor-free after surgery [114–116]. Egberts 
et al. found baseline serum levels of S100B to be 
significantly associated with treatment response 
in stage IV melanoma patients along with a 
strong correlation between treatment response 
and unchanged or declining S100B levels over 
time [109]. Higher S100B levels at baseline and 
increases over time are associated with poorer 
RFS and OS [117]. Increasing S100B levels dur-
ing treatment may indicate that another treatment 
strategy is needed [117].

Although S100B is a more specific serum 
marker for melanoma than LDH, it may also be 
elevated in CNS, liver, renal, and cardiovascular 
disease [118, 119]. In clinical practice, S100 is 
primarily used only in European countries to 
monitor treatment response in advanced meta-
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static melanoma given its relative unreliability 
for screening and detection in stage I and II dis-
ease [113].

16.3.3	 �Melanoma-Inhibiting Activity 
(MIA)

Although numerous serum biomarkers have been 
studied for their prognostic significance in mela-
noma, none have shown a higher sensitivity-
specificity profile than LDH or S100B.  Serum 
melanoma-inhibiting activity (MIA) is a protein 
highly expressed and secreted from melanoma 
cells. In a study of 112 patients with melanoma, 
13% of patients with stage I disease, 23% with 
stage II, and 100% in stage III and IV were found 
to have elevated serum MIA levels. Furthermore, 
of 350 patients with a history of stage I/II mela-
noma who had been declared tumor free after 
surgical resection, 32 patients developed positive 
MIA values of which 15 had developed metasta-
ses, suggesting serum MIA may be useful to 
identify metastatic disease progression [120].

16.3.4	 �Circulating Melanoma Cells 
(CMCs)

In order to metastasize, tumor cells must leave 
the primary tumor site and intravasate into the 
bloodstream or lymphatics. The detection of cir-
culating melanoma cells (CMCs) in the periph-
eral blood of melanoma patients has demonstrated 
prognostic value [121–125]. In a meta-analysis 
of 5433 patients, CMC status correlated with dis-
ease stage and OS [124]. In a retrospective analy-
sis of 44 patients with melanoma, patients with 
two or more CMCs detected in peripheral blood 
were found to have an OS of 2.0 months versus 
12.1 months for those with less than two CMCs 
detected [126]. The use of CMCs as a biomarker 
in the clinic is limited due to controversy sur-
rounding the sensitivity, specificity, and reliabil-
ity of CMCs as a biomarker given the high 
heterogeneity of CMCs along with differences in 
CMC collection and analysis [127]. To combat 
the heterogeneity of CMCs, Aya-Bonilla et  al. 

used a multi-marker approach taking into account 
up to 19 genes. In these studies, CMC detection 
was associated with poorer OS and PFS while 
changes in plasma CMC concentration were 
found upon treatment initiation [128].

16.3.5	 �Exosomes

Exosomes are secreted cellular vesicles with a 
molecular profile characteristic of the cell of ori-
gin. Recent studies have identified unique mRNA, 
miRNA, and protein profiles in exosomes 
secreted by melanoma cells [129]. Lazar et  al. 
identified a proteome signature present in exo-
somes from aggressive melanoma cell lines 
enriched in proteins involved in cell motility, 
immune response, and angiogenesis [130]. 
Analysis of exosomes from human melanoma 
tumors revealed a “melanoma signature” com-
prised of TYRP2, VLA-4, HSP70, and MET. Of 
patients with stage IV disease, those with protein-
poor exosomes (<50 ug/mL) were found to have 
a survival advantage versus those with protein-
rich exosomes (>50  ug/mL) [131]. Analysis of 
exosomal miRNAs from melanoma patients 
revealed significantly higher levels of miR-17, 
miR-19a, miR-21, miR-126, and miR-149  in 
patients with metastatic sporadic melanoma com-
pared to familial melanoma patients and healthy 
controls [132].

16.4	 �Biomarkers of Treatment 
Response: Immunotherapy

The only biomarkers recognized by the 2020 
NCCN guidelines with potential utility for 
immune therapy include programmed death-
ligand 1 (PD-L1) expression and somatic muta-
tion burden [64]. High PD-L1 expression (>5%) 
may be a marker for equivalent outcomes with 
nivolumab monotherapy compared to nivolumab 
and ipilimumab combination therapy in patients 
with metastatic melanoma [133]. Currently, 
PD-L1 is the only FDA-approved ICI biomarker 
which serves as a companion test for pembroli-
zumab treatment (PD-L1 IHC 22C3 pharmDx). 
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Tumor mutational load may also be predictive of 
response to ICIs. High mutational load in tumor 
tissue has been associated with OS in patients 
treated with CTLA-4 inhibitors and PD-1 inhibi-
tors [134]. Further, exome analysis of tumor 
mutational load has revealed T-cell responses 
against patient-specific neoantigens [135]. A 
higher mutational burden may predict a more 
robust T-cell response. In a retrospective cohort 
of 173 patients with metastatic melanoma, 
Queirolo et  al. identified two single nucleotide 
variants of the CTLA-4 gene that correlate with 
OS in those treated with anti-CTLA-4 therapy 
(3-year OS of ~30% versus ~13%), which may 
be used to predict patients with favorable out-
comes to CTLA-4 therapy [136].

Many of the potential biomarkers being 
looked at for immune checkpoint inhibitor (ICI) 
response are involved in known immune response 
pathways. An effective response to ICIs is depen-
dent on T-cell infiltration of the tumor microenvi-
ronment (TME) [137]. Early studies focused on 
serologic factors that may predict response to 
ICIs, including lymphocyte and eosinophil count, 
both of which are positively associated with 
improved survival [138–144]. In contrast, an ele-
vated neutrophil count or high neutrophil/lym-
phocyte ratio (NLR) in patients treated with 
monotherapy ipilimumab (an anti-CTLA-4 anti-
body) or nivolumab (an anti-PD-1 antibody) was 
associated with poor OS or no response [141, 
144–147].

Other serologic biomarkers such as LDH and 
C-reactive protein (CRP) have also been looked 
at in the context of immunotherapy. Elevated 
LDH and CRP at baseline and during treatment 
have been found to be significantly associated 
with poorer OS in patients treated with ICIs 
[141–143, 148]. Other proposed serum biomark-
ers include IL-8 and angiopoietin-2. IL-8, which 
may be secreted by melanoma tumor cells, has 
been found to be inversely correlated with OS in 
melanoma and non-small cell lung cancer 
(NSCLC) patients treated with PD-1 inhibitors 
[149]. High baseline and increasing angiopoi-
etin-2 levels during treatment have been associ-
ated with reduced OS in PD-1 and CTLA-4 
inhibitor-treated patients [150].

Cellular biomarkers are also being investi-
gated to predict treatment response to ICIs. 
Subrahmanyam et al. found subsets of CD4+ and 
CD8+ T cells to vary between responders and 
non-responders to anti-CTLA-4 treatment, while 
subsets of natural killer (NK) cells were shown to 
correlate with clinical response to anti-PD-1 ther-
apy [151]. Others have observed an increased 
response to PD-1 inhibitors in patients with 
greater tumoral CD8+ T-cell infiltration and 
PD-1/PD-L1 expression pre-treatment [152, 
153]. In patients treated with anti-PD-1 therapy, 
the presence of PD-1+ CTLA-4+ cells within the 
tumor-infiltrating CD8+ T-cell population was 
found to significantly correlate with response to 
therapy and PFS, which was 31.6 months in those 
with tumors with more than 20% PD-1+ CTLA-
4+ CD8+ T cells compared to 9.6  months for 
tumors with 20% or fewer [154].

Another marker of response to treatment with 
ICIs may be immune-related adverse events 
(irAEs) during treatment. Downey et al. observed 
increased efficacy of anti-CTLA-4 treatment in 
patients who experienced irAEs (26% objective 
responders) compared to those who did not (2% 
objective responders). The severity of irAE 
seemed to correlate with response as those with 
high grade irAEs (grade 3–4) showed an even 
greater objective response [155]. Blank et al. pro-
posed using an “immunogram” looking at seven 
different parameters (mutational load, T-cell 
infiltration, expression of immune checkpoints, 
CRP/IL-6, lymphocyte count, and expression of 
MHC class I) to predict response to immunother-
apy. This builds on the observation that (1) the 
outcome of cancer-immune interactions depends 
on many unrelated parameters such as T-cell 
inhibitory mechanisms and tumor “foreignness” 
and (2) the value of the parameters may vary sig-
nificantly among patients [156].

16.5	 �Biomarkers of Treatment 
Response: Targeted Therapy

Screening for BRAF and NRAS mutations is cur-
rently routine in the management of cutaneous 
melanoma while KIT mutations are evaluated in 
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melanomas in sites of chronic sun exposure, acral 
sites, and mucosal melanomas. According to the 
2020 NCCN guidelines, BRAF mutation testing 
and, in the appropriate clinical setting, KIT muta-
tion testing is recommended upon initial presen-
tation with stage III or IV disease or clinical 
recurrence [64]. Identification of a BRAF or KIT 
mutation/amplification in melanoma allows for 
the use of effective targeted therapies in patients 
harboring these tumors. Treatment of patients 
with tumors harboring V600E BRAF mutations 
with BRAF inhibitor (BRAFi) monotherapy or 
combined MEK inhibition (MEKi) has demon-
strated complete or partial tumor regression in 
the majority of patients [157, 158]. On the other 
hand, BRAFi use is not recommended and avail-
able evidence suggests there is no benefit in treat-
ing patients without V600E BRAF mutations 
[64, 159]. KIT mutations are observed to occur in 
“hotspots” across the gene and demonstrate vari-
able sensitivity to KIT inhibitors with observed 
disease control rates around 50% in patients with 
KIT mutations [47–49]. NRAS-mutant melano-
mas are generally unresponsive to targeted thera-
pies and are therefore generally treated with ICIs 
in advanced disease.

BRAF-mutant ctDNA has been widely stud-
ied, and high baseline levels have been found to 
be associated with poor response to MAPK-
inhibitor (MAPKi) therapy, alone or combination 
[160–163]. In a prospective analysis of 48 
patients with advanced metastatic melanoma 
treated with targeted or immunotherapy, lower 
BRAF-mutant ctDNA levels pre-treatment were 
significantly associated with response to treat-
ment and longer PFS, regardless of treatment 
type. However, levels of ctDNA decreased sig-
nificantly corresponding to response to therapy in 
those treated with targeted therapy, unlike those 
receiving immunotherapy [94].

In a retrospective analysis of 617 patients with 
BRAF-mutant melanoma treated with dabrafenib 
plus trametinib; LDH level and number of meta-
static disease sites (less than three) were signifi-
cantly associated with PFS and OS [164]. Wang 
et al. identified cancer-specific extracellular vesi-
cle (EV) phenotypes in melanoma patient plasma 
and identified specific EV profiles associated 
with resistance to targeted therapy [165]. 

Recently, an analysis of 90 patients with BRAF 
V600-mutant melanoma treated with either 
BRAFi alone or combined with a MEKi revealed 
PFS of 9.1 and 3.5 months, respectively, and OS 
of 17.2 and 5.5 months, respectively, for patients 
with NLR less than 5 and NLR greater than or 
equal to 5 [166].

Recent studies have explored gene signatures 
and genetic profiles associated with response to 
targeted therapy. In a retrospective study of 64 
patient tumor samples treated with BRAFi mono-
therapy, pre-treatment overexpression of a subset 
of genes was significantly associated with PFS 
and OS [167]. In a retrospective analysis includ-
ing patients with BRAF V600-mutant metastatic 
melanoma treated with vemurafenib with or 
without cobimetinib from BRIM-2, BRIM-3, 
BRIM-7, and coBRIM studies, whole exome 
sequencing revealed alterations in MITF and 
TP53 were more frequent in tumors from patients 
with rapid progression, while alterations in NF1 
were more common in tumors from patients with 
complete response. In addition, RNA sequencing 
analysis revealed enrichment of genes associated 
with immune response in those patients with 
complete response, while genes related to kerati-
nization were enriched in tumors from patients 
who experienced rapid progression [168]. 
Wongchenko et  al. identified two gene signa-
tures, immune and cell cycle, from patients in 
BRIM-2 and BRIM-3, of which, the cell-cycle 
gene signature was associated with shorter PFS 
in those treated with vemurafenib monotherapy 
[169]. Others have noticed a higher baseline 
PTEN expression to be associated with response 
to vemurafenib monotherapy [170]. Wagle et al. 
constructed a MAPK pathway activity score 
focusing on the expression of 10 MAPK target 
genes and found a higher score to be associated 
with improved PFS [171].

16.6	 �Summary

While investigators have been evaluating the 
potential utility of diagnostic and prognostic mel-
anoma biomarkers for decades, more recent 
advances in the development of effective mela-
noma therapies targeting driver mutations in mel-
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anoma have informed the development of 
biomarkers predictive of treatment effectiveness 
and the monitoring of treatment responses. 
Emerging molecular technologies are currently 
being developed to provide meaningful diagnostic 
and prognostic information for melanoma; how-
ever, insufficient data currently exists to make 

such technologies clinically useful. As additional 
data accumulate regarding resistance mechanisms 
to targeted therapies and immunotherapies, we 
expect new biomarkers will be developed to detect 
early treatment resistance in patients and support 
therapies to overcome treatment-specific resis-
tance mechanisms in melanoma (Table 16.1).

Table 16.1  Biomarkers used for prognosis and treatment response in melanoma

Biomarker Study Cohort Correlation Methodology References
Molecular biomarkers
Ki-67 688 patients with primary 

melanomas
202 patients with nodular 
melanoma
68 patients with melanoma 
≥4 mm thick

PFS, OS
OS
PFS, OS

IHC
IHC
IHC

Ostmeier et al. 
2001 [26]
Ladstein et al. 
2010 [30]
Robinson et al. 
2018 [31]

MCAM 76 patients with stage IA to III
78 patients with primary 
melanoma, 92 patients with 
metastatic melanoma

OS
OS, nodal progression

IHC
IHC

Pacifico et al. 
2004 [35]
Pearl et al. 2007 
[36]

Genetic biomarkers
CDKN2A/B 74 relapsed patients, 42 

nonrelapsed patients
112 melanoma tumor samples 
from 86 patients

Tumor thickness, mitotic 
rate, ulceration, risk of 
relapse
OS

MLPA, PCR, IHC
PCR, RTPCR

Conway et al. 
2010 [59]
Grafstrom et al. 
2005 [62]

ctDNA 48 patients stage IV
92 patients stage IV, 
BRAF-mutant

PFS, treatment response
PFS, treatment response

ddPCR
RTPCR

Gray et al. 2015 
[94]
Ascierto et al. 
2013 [95]

Serologic biomarkers
LDH 30,946 patients stage I-III and 

7972 patients stage IV
50 patients stage I-II, 61 patients 
stage IV

OS
Tumor stage

Meta-analysis
Photometric assay

Balch et al. 2009 
[108]
Egberts et al. 
2011 [109]

S100B 3393 patients stage I-IV
50 patients stage I-II, 61 patients 
stage IV.
20 patients stage III-IV
670 patients stage IV

OS
Tumor stage, survival, 
treatment response
Metastasis (75% 
sensitive, 92% specific)
OS, RFS

Meta-analysis
Photometric assay
ELISA
Chemiluminescence

Mocellin et al. 
2008 [113]
Egberts et al. 
2011 [109]
Oberholzer et al. 
2008 [110]
Tarhini et al. 
2009 [117]

MIA 112 patients stage I-IV
350 patients stage I-II

Prognosis
Metastasis, disease 
progression

ELISA Bosserhoff et al. 
1997 [120]

CMCs 5433 patients stage I-IV
44 patients stage III-IV
43 patients stage IV

Disease stage, OS, PFS
OS
OS, PFS

Meta-analysis
Automated CTC 
assay
IHC, RTPCR, 
ddPCR

Mocellin et al. 
2006 [124]
Rao et al. 2011 
[126]
Aya-Bonilla 
et al. 2020 [128]

PFS Progression free survival, OS Overall survival, IHC Immunohistochemistry, MLPA Multiplexed ligation-dependent 
probe amplification, PCR Polymerase chain reaction, RTPCR Real-time PCR, ddPCR Droplet digital PCR, RFS Relapse 
free survival, CMCs Circulating melanoma cells, CTC Circulating tumor cells

16  Predictive Biomarkers of Melanoma



294

References

	 1.	Eisenstein A, Gonzalez EC, Raghunathan R, et  al. 
Emerging biomarkers in cutaneous melanoma. Mol 
Diagn Ther. 2018;22(2):203–18.

	 2.	Cochran AJ, Wen DR.  S-100 protein as a marker 
for melanocytic and other tumours. Pathology. 
1985;17(2):340–5.

	 3.	Gaynor R, Herschman HR, Irie R, Jones P, Morton D, 
Cochran A. S100 protein: a marker for human malig-
nant melanomas? Lancet. 1981;1(8225):869–71.

	 4.	Donato R, Cannon BR, Sorci G, et al. Functions of 
S100 proteins. Curr Mol Med. 2013;13(1):24–57.

	 5.	Zubovits J, Buzney E, Yu L, Duncan LM. HMB-45, 
S-100, NK1/C3, and MART-1  in metastatic mela-
noma. Hum Pathol. 2004;35(2):217–23.

	 6.	Ordonez NG.  Value of melanocytic-associated 
immunohistochemical markers in the diagnosis of 
malignant melanoma: a review and update. Hum 
Pathol. 2014;45(2):191–205.

	 7.	Ohsie SJ, Sarantopoulos GP, Cochran AJ, Binder 
SW.  Immunohistochemical characteristics of mela-
noma. J Cutan Pathol. 2008;35(5):433–44.

	 8.	Dorvault CC, Weilbaecher KN, Yee H, et  al. 
Microphthalmia transcription factor: a sensitive and 
specific marker for malignant melanoma in cyto-
logic specimens. Cancer. 2001;93(5):337–43.

	 9.	Weinstein D, Leininger J, Hamby C, Safai 
B.  Diagnostic and prognostic biomarkers in mela-
noma. J Clin Aesthet Dermatol. 2014;7(6):13–24.

	 10.	Wick MR, Swanson PE, Rocamora A. Recognition 
of malignant melanoma by monoclonal antibody 
HMB-45. An immunohistochemical study of 200 
paraffin-embedded cutaneous tumors. J Cutan 
Pathol. 1988;15(4):201–7.

	 11.	Trefzer U, Rietz N, Chen Y, et  al. SM5-1: a new 
monoclonal antibody which is highly sensitive and 
specific for melanocytic lesions. Arch Dermatol Res. 
2000;292(12):583–9.

	 12.	Ordonez NG, Ji XL, Hickey RC.  Comparison of 
HMB-45 monoclonal antibody and S-100 protein in 
the immunohistochemical diagnosis of melanoma. 
Am J Clin Pathol. 1988;90(4):385–90.

	 13.	Mahmood MN, Lee MW, Linden MD, Nathanson 
SD, Hornyak TJ, Zarbo RJ.  Diagnostic value of 
HMB-45 and anti-Melan a staining of sentinel 
lymph nodes with isolated positive cells. Mod 
Pathol. 2002;15(12):1288–93.

	 14.	Kaufmann O, Koch S, Burghardt J, Audring H, 
Dietel M. Tyrosinase, melan-a, and KBA62 as mark-
ers for the immunohistochemical identification of 
metastatic amelanotic melanomas on paraffin sec-
tions. Mod Pathol. 1998;11(8):740–6.

	 15.	Jing X, Michael CW, Theoharis CG.  The use of 
immunocytochemical study in the cytologic diag-
nosis of melanoma: evaluation of three antibodies. 
Diagn Cytopathol. 2013;41(2):126–30.

	 16.	Zalla MJ, Lim KK, Dicaudo DJ, Gagnot MM. Mohs 
micrographic excision of melanoma using immunos-
tains. Dermatol Surg. 2000;26(8):771–84.

	 17.	Valentin-Nogueras SM, Brodland DG, Zitelli JA, 
Gonzalez-Sepulveda L, Nazario CM. Mohs micro-
graphic surgery using MART-1 immunostain in the 
treatment of invasive melanoma and melanoma in 
situ. Dermatol Surg. 2016;42(6):733–44.

	 18.	Campoli M, Ferrone S, Wang X.  Functional and 
clinical relevance of chondroitin sulfate proteogly-
can 4. Adv Cancer Res. 2010;109:73–121.

	 19.	Campoli MR, Chang CC, Kageshita T, Wang X, 
McCarthy JB, Ferrone S.  Human high molecu-
lar weight-melanoma-associated antigen (HMW-
MAA): a melanoma cell surface chondroitin sulfate 
proteoglycan (MSCP) with biological and clinical 
significance. Crit Rev Immunol. 2004;24(4):267–96.

	 20.	Natali PG, Giacomini P, Russo C, Steinbach 
G, Fenoglio C, Ferrone S.  Antigenic profile of 
human melanoma cells. Analysis with monoclo-
nal antibodies to histocompatibility antigens and 
to melanoma-associated antigens. J Cutan Pathol. 
1983;10(4):225–37.

	 21.	Goto Y, Ferrone S, Arigami T, et  al. Human high 
molecular weight-melanoma-associated anti-
gen: utility for detection of metastatic mela-
noma in sentinel lymph nodes. Clin Cancer Res. 
2008;14(11):3401–7.

	 22.	Goto Y, Arigami T, Murali R, et al. High molecular 
weight-melanoma-associated antigen as a biomarker 
of desmoplastic melanoma. Pigment Cell Melanoma 
Res. 2010;23(1):137–40.

	 23.	Thompson JF, Soong SJ, Balch CM, et al. Prognostic 
significance of mitotic rate in  localized primary 
cutaneous melanoma: an analysis of patients in the 
multi-institutional American joint committee on 
Cancer melanoma staging database. J Clin Oncol. 
2011;29(16):2199–205.

	 24.	Abbas O, Miller DD, Bhawan J. Cutaneous malignant 
melanoma: update on diagnostic and prognostic bio-
markers. Am J Dermatopathol. 2014;36(5):363–79.

	 25.	Moore DA, Pringle JH, Saldanha GS.  Prognostic 
tissue markers in melanoma. Histopathology. 
2012;60(5):679–89.

	 26.	Ostmeier H, Fuchs B, Otto F, et al. Prognostic immu-
nohistochemical markers of primary human melano-
mas. Br J Dermatol. 2001;145(2):203–9.

	 27.	Hazan C, Melzer K, Panageas KS, et al. Evaluation 
of the proliferation marker MIB-1  in the progno-
sis of cutaneous malignant melanoma. Cancer. 
2002;95(3):634–40.

	 28.	 Ilmonen S, Hernberg M, Pyrhonen S, Tarkkanen J, 
Asko-Seljavaara S. Ki-67, Bcl-2 and p53 expression 
in primary and metastatic melanoma. Melanoma 
Res. 2005;15(5):375–81.

	 29.	Moretti S, Spallanzani A, Chiarugi A, Fabiani M, 
Pinzi C.  Correlation of Ki-67 expression in cuta-
neous primary melanoma with prognosis in a pro-

A. Hanly et al.



295

spective study: different correlation according to 
thickness. J Am Acad Dermatol. 2001;44(2):188–92.

	 30.	Ladstein RG, Bachmann IM, Straume O, Akslen 
LA.  Ki-67 expression is superior to mitotic count 
and novel proliferation markers PHH3, MCM4 and 
mitosin as a prognostic factor in thick cutaneous 
melanoma. BMC Cancer. 2010;10:140.

	 31.	Robinson EM, Rosenbaum BE, Zhang Y, et  al. 
Association between Ki-67 expression and clini-
cal outcomes among patients with clinically node-
negative, thick primary melanoma who underwent 
nodal staging. J Surg Oncol. 2018;118(1):150–6.

	 32.	Ramsay JA, From L, Iscoe NA, Kahn HJ.  MIB-1 
proliferative activity is a significant prognostic fac-
tor in primary thick cutaneous melanomas. J Invest 
Dermatol. 1995;105(1):22–6.

	 33.	Lehmann JM, Holzmann B, Breitbart EW, 
Schmiegelow P, Riethmuller G, Johnson 
JP.  Discrimination between benign and malignant 
cells of melanocytic lineage by two novel antigens, 
a glycoprotein with a molecular weight of 113,000 
and a protein with a molecular weight of 76,000. 
Cancer Res. 1987;47(3):841–5.

	 34.	Xie S, Luca M, Huang S, et  al. Expression of 
MCAM/MUC18 by human melanoma cells leads to 
increased tumor growth and metastasis. Cancer Res. 
1997;57(11):2295–303.

	 35.	Pacifico MD, Grover R, Richman PI, Daley FM, 
Buffa F, Wilson GD. Development of a tissue array 
for primary melanoma with long-term follow-up: 
discovering melanoma cell adhesion molecule as an 
important prognostic marker. Plast Reconstr Surg. 
2005;115(2):367–75.

	 36.	Pearl RA, Pacifico MD, Richman PI, Wilson GD, 
Grover R. Stratification of patients by melanoma cell 
adhesion molecule (MCAM) expression on the basis 
of risk: implications for sentinel lymph node biopsy. 
J Plast Reconstr Aesthet Surg. 2008;61(3):265–71.

	 37.	Alonso SR, Ortiz P, Pollan M, et al. Progression in 
cutaneous malignant melanoma is associated with 
distinct expression profiles: a tissue microarray-
based study. Am J Pathol. 2004;164(1):193–203.

	 38.	Kashani-Sabet M, Rangel J, Torabian S, et  al. A 
multi-marker assay to distinguish malignant mela-
nomas from benign nevi. Proc Natl Acad Sci U S A. 
2009;106(15):6268–72.

	 39.	Kashani-Sabet M, Venna S, Nosrati M, et al. A mul-
timarker prognostic assay for primary cutaneous 
melanoma. Clin Cancer Res. 2009;15(22):6987–92.

	 40.	Gould Rothberg BE, Berger AJ, Molinaro AM, 
et  al. Melanoma prognostic model using tissue 
microarrays and genetic algorithms. J Clin Oncol. 
2009;27(34):5772–80.

	 41.	Meyer S, Fuchs TJ, Bosserhoff AK, et al. A seven-
marker signature and clinical outcome in malignant 
melanoma: a large-scale tissue-microarray study 
with two independent patient cohorts. PLoS One. 
2012;7(6):e38222.

	 42.	Alexeev V, Yoon K. Distinctive role of the cKit recep-
tor tyrosine kinase signaling in mammalian melano-
cytes. J Invest Dermatol. 2006;126(5):1102–10.

	 43.	Curtin JA, Busam K, Pinkel D, Bastian BC. Somatic 
activation of KIT in distinct subtypes of melanoma. 
J Clin Oncol. 2006;24(26):4340–6.

	 44.	Ugurel S, Hildenbrand R, Zimpfer A, et al. Lack of 
clinical efficacy of imatinib in metastatic melanoma. 
Br J Cancer. 2005;92(8):1398–405.

	 45.	Wyman K, Atkins MB, Prieto V, et al. Multicenter 
phase II trial of high-dose imatinib mesylate in meta-
static melanoma: significant toxicity with no clinical 
efficacy. Cancer. 2006;106(9):2005–11.

	 46.	Kim KB, Eton O, Davis DW, et al. Phase II trial of 
imatinib mesylate in patients with metastatic mela-
noma. Br J Cancer. 2008;99(5):734–40.

	 47.	Carvajal RD, Antonescu CR, Wolchok JD, et  al. 
KIT as a therapeutic target in metastatic melanoma. 
JAMA. 2011;305(22):2327–34.

	 48.	Hodi FS, Corless CL, Giobbie-Hurder A, et  al. 
Imatinib for melanomas harboring mutationally acti-
vated or amplified KIT arising on mucosal, acral, 
and chronically sun-damaged skin. J Clin Oncol. 
2013;31(26):3182–90.

	 49.	Guo J, Si L, Kong Y, et  al. Phase II, open-
label, single-arm trial of imatinib mesylate in 
patients with metastatic melanoma harboring 
c-kit mutation or amplification. J Clin Oncol. 
2011;29(21):2904–9.

	 50.	Minor DR, Kashani-Sabet M, Garrido M, O'Day SJ, 
Hamid O, Bastian BC. Sunitinib therapy for mela-
noma patients with KIT mutations. Clin Cancer Res. 
2012;18(5):1457–63.

	 51.	Cho JH, Kim KM, Kwon M, Kim JH, Lee 
J.  Nilotinib in patients with metastatic melanoma 
harboring KIT gene aberration. Investig New Drugs. 
2012;30(5):2008–14.

	 52.	Goldstein AM, Tucker MA.  Genetic epidemiology 
of cutaneous melanoma: a global perspective. Arch 
Dermatol. 2001;137(11):1493–6.

	 53.	Sharpless NE, DePinho RA. The INK4A/ARF locus 
and its two gene products. Curr Opin Genet Dev. 
1999;9(1):22–30.

	 54.	Kamb A, Shattuck-Eidens D, Eeles R, et al. Analysis 
of the p16 gene (CDKN2) as a candidate for the 
chromosome 9p melanoma susceptibility locus. Nat 
Genet. 1994;8(1):23–6.

	 55.	Soufir N, Avril MF, Chompret A, et  al. Prevalence 
of p16 and CDK4 germline mutations in 48 
melanoma-prone families in France. The French 
familial melanoma study group. Hum Mol Genet. 
1998;7(2):209–16.

	 56.	Bishop DT, Demenais F, Goldstein AM, et  al. 
Geographical variation in the penetrance of 
CDKN2A mutations for melanoma. J Natl Cancer 
Inst. 2002;94(12):894–903.

	 57.	Roussel MF. The INK4 family of cell cycle inhibi-
tors in cancer. Oncogene. 1999;18(38):5311–7.

16  Predictive Biomarkers of Melanoma



296

	 58.	Weber JD, Taylor LJ, Roussel MF, Sherr CJ, Bar-
Sagi D.  Nucleolar Arf sequesters Mdm2 and acti-
vates p53. Nat Cell Biol. 1999;1(1):20–6.

	 59.	Conway C, Beswick S, Elliott F, et  al. Deletion at 
chromosome arm 9p in relation to BRAF/NRAS 
mutations and prognostic significance for pri-
mary melanoma. Genes Chromosomes Cancer. 
2010;49(5):425–38.

	 60.	Flores JF, Walker GJ, Glendening JM, et  al. Loss 
of the p16INK4a and p15INK4b genes, as well as 
neighboring 9p21 markers, in sporadic melanoma. 
Cancer Res. 1996;56(21):5023–32.

	 61.	Walker GJ, Flores JF, Glendening JM, Lin AH, 
Markl ID, Fountain JW.  Virtually 100% of mela-
noma cell lines harbor alterations at the DNA 
level within CDKN2A, CDKN2B, or one of their 
downstream targets. Genes Chromosomes Cancer. 
1998;22(2):157–63.

	 62.	Grafstrom E, Egyhazi S, Ringborg U, Hansson J, Platz 
A. Biallelic deletions in INK4 in cutaneous melanoma 
are common and associated with decreased survival. 
Clin Cancer Res. 2005;11(8):2991–7.

	 63.	John T, Black MA, Toro TT, et al. Predicting clini-
cal outcome through molecular profiling in stage III 
melanoma. Clin Cancer Res. 2008;14(16):5173–80.

	 64.	Network NCC.  Cutaneous Melanoma (Version 
3.2020). https://www.nccn.org/professionals/physi-
cian_gls/pdf/cutaneous_melanoma.pdf. Published 
2020. Accessed June 22, 2020.

	 65.	Winnepenninckx V, Lazar V, Michiels S, et  al. 
Gene expression profiling of primary cutaneous 
melanoma and clinical outcome. J Natl Cancer Inst. 
2006;98(7):472–82.

	 66.	Jonsson G, Busch C, Knappskog S, et al. Gene expres-
sion profiling-based identification of molecular sub-
types in stage IV melanomas with different clinical 
outcome. Clin Cancer Res. 2010;16(13):3356–67.

	 67.	Bogunovic D, O'Neill DW, Belitskaya-Levy I, et al. 
Immune profile and mitotic index of metastatic 
melanoma lesions enhance clinical staging in pre-
dicting patient survival. Proc Natl Acad Sci U S A. 
2009;106(48):20429–34.

	 68.	Mann GJ, Pupo GM, Campain AE, et  al. BRAF 
mutation, NRAS mutation, and the absence of an 
immune-related expressed gene profile predict poor 
outcome in patients with stage III melanoma. J 
Invest Dermatol. 2013;133(2):509–17.

	 69.	Haqq C, Nosrati M, Sudilovsky D, et al. The gene 
expression signatures of melanoma progression. 
Proc Natl Acad Sci U S A. 2005;102(17):6092–7.

	 70.	Gerami P, Cook RW, Wilkinson J, et al. Development 
of a prognostic genetic signature to predict the meta-
static risk associated with cutaneous melanoma. Clin 
Cancer Res. 2015;21(1):175–83.

	 71.	Keller J, Schwartz TL, Lizalek JM, et al. Prospective 
validation of the prognostic 31-gene expression pro-
filing test in primary cutaneous melanoma. Cancer 
Med. 2019;8(5):2205–12.

	 72.	Podlipnik S, Carrera C, Boada A, et  al. Early out-
come of a 31-gene expression profile test in 86 

AJCC stage IB-II melanoma patients. A prospec-
tive multicentre cohort study. J Eur Acad Dermatol 
Venereol. 2019;33(5):857–62.

	 73.	Grossman D, Kim CC, Hartman RI, et al. Prognostic 
gene expression profiling in melanoma: necessary 
steps to incorporate into clinical practice. Melanoma 
Manag. 2019;6(4):MMT32.

	 74.	Calin GA, Croce CM.  MicroRNA signatures in 
human cancers. Nat Rev Cancer. 2006;6(11):857–66.

	 75.	Aftab MN, Dinger ME, Perera RJ.  The role of 
microRNAs and long non-coding RNAs in the 
pathology, diagnosis, and management of mela-
noma. Arch Biochem Biophys. 2014;563:60–70.

	 76.	Cortez MA, Calin GA.  MicroRNA identifica-
tion in plasma and serum: a new tool to diagnose 
and monitor diseases. Expert Opin Biol Ther. 
2009;9(6):703–11.

	 77.	Kanemaru H, Fukushima S, Yamashita J, et al. The 
circulating microRNA-221 level in patients with 
malignant melanoma as a new tumor marker. J 
Dermatol Sci. 2011;61(3):187–93.

	 78.	Grignol V, Fairchild ET, Zimmerer JM, et al. miR-21 
and miR-155 are associated with mitotic activity and 
lesion depth of borderline melanocytic lesions. Br J 
Cancer. 2011;105(7):1023–9.

	 79.	Saldanha G, Potter L, Shendge P, et  al. Plasma 
microRNA-21 is associated with tumor bur-
den in cutaneous melanoma. J Invest Dermatol. 
2013;133(5):1381–4.

	 80.	Liu S, Tetzlaff MT, Liu A, Liegl-Atzwanger B, Guo 
J, Xu X. Loss of microRNA-205 expression is asso-
ciated with melanoma progression. Lab Investig. 
2012;92(7):1084–96.

	 81.	Hanna JA, Hahn L, Agarwal S, Rimm DL.  In situ 
measurement of miR-205  in malignant mela-
noma tissue supports its role as a tumor suppressor 
microRNA. Lab Investig. 2012;92(10):1390–7.

	 82.	Nguyen T, Kuo C, Nicholl MB, et al. Downregulation 
of microRNA-29c is associated with hyper-
methylation of tumor-related genes and disease 
outcome in cutaneous melanoma. Epigenetics. 
2011;6(3):388–94.

	 83.	Guo S, Guo W, Li S, et al. Serum miR-16: a poten-
tial biomarker for predicting melanoma prognosis. J 
Invest Dermatol. 2016;136(5):985–93.

	 84.	Ono S, Oyama T, Lam S, Chong K, Foshag LJ, 
Hoon DS.  A direct plasma assay of circulating 
microRNA-210 of hypoxia can identify early sys-
temic metastasis recurrence in melanoma patients. 
Oncotarget. 2015;6(9):7053–64.

	 85.	Tian R, Liu T, Qiao L, Gao M, Li J. Decreased serum 
microRNA-206 level predicts unfavorable prognosis 
in patients with melanoma. Int J Clin Exp Pathol. 
2015;8(3):3097–103.

	 86.	Segura MF, Belitskaya-Levy I, Rose AE, 
et  al. Melanoma MicroRNA signature pre-
dicts post-recurrence survival. Clin Cancer Res. 
2010;16(5):1577–86.

	 87.	Stark MS, Klein K, Weide B, et al. The prognostic and 
predictive value of melanoma-related MicroRNAs 

A. Hanly et al.

https://www.nccn.org/professionals/physician_gls/pdf/cutaneous_melanoma.pdf
https://www.nccn.org/professionals/physician_gls/pdf/cutaneous_melanoma.pdf


297

using tissue and serum: a MicroRNA expression 
analysis. EBioMedicine. 2015;2(7):671–80.

	 88.	Friedman EB, Shang S, de Miera EV, et al. Serum 
microRNAs as biomarkers for recurrence in mela-
noma. J Transl Med. 2012;10:155.

	 89.	Fleming NH, Zhong J, da Silva IP, et al. Serum-based 
miRNAs in the prediction and detection of recurrence 
in melanoma patients. Cancer. 2015;121(1):51–9.

	 90.	Lim SY, Lee JH, Diefenbach RJ, Kefford RF, Rizos 
H.  Liquid biomarkers in melanoma: detection and 
discovery. Mol Cancer. 2018;17(1):8.

	 91.	Omholt K, Platz A, Kanter L, Ringborg U, Hansson 
J.  NRAS and BRAF mutations arise early dur-
ing melanoma pathogenesis and are preserved 
throughout tumor progression. Clin Cancer Res. 
2003;9(17):6483–8.

	 92.	Garnett MJ, Marais R. Guilty as charged: B-RAF is 
a human oncogene. Cancer Cell. 2004;6(4):313–9.

	 93.	Daniotti M, Vallacchi V, Rivoltini L, et al. Detection 
of mutated BRAFV600E variant in circulating DNA 
of stage III-IV melanoma patients. Int J Cancer. 
2007;120(11):2439–44.

	 94.	Gray ES, Rizos H, Reid AL, et al. Circulating tumor 
DNA to monitor treatment response and detect 
acquired resistance in patients with metastatic mela-
noma. Oncotarget. 2015;6(39):42008–18.

	 95.	Ascierto PA, Minor D, Ribas A, et al. Phase II trial 
(BREAK-2) of the BRAF inhibitor dabrafenib 
(GSK2118436) in patients with metastatic mela-
noma. J Clin Oncol. 2013;31(26):3205–11.

	 96.	Lee JH, Long GV, Boyd S, et al. Circulating tumour 
DNA predicts response to anti-PD1 antibodies in met-
astatic melanoma. Ann Oncol. 2017;28(5):1130–6.

	 97.	Girotti MR, Gremel G, Lee R, et  al. Application 
of sequencing, liquid biopsies, and patient-derived 
xenografts for personalized medicine in melanoma. 
Cancer Discov. 2016;6(3):286–99.

	 98.	Warton K, Samimi G. Methylation of cell-free cir-
culating DNA in the diagnosis of cancer. Front Mol 
Biosci. 2015;2:13.

	 99.	Lee JJ, Murphy GF, Lian CG.  Melanoma epi-
genetics: novel mechanisms, markers, and medi-
cines. Lab Investig. 2014;94(8):822–38.

	100.	Salvianti F, Orlando C, Massi D, et al. Tumor-related 
methylated cell-free DNA and circulating tumor 
cells in melanoma. Front Mol Biosci. 2015;2:76.

	101.	Marini A, Mirmohammadsadegh A, Nambiar S, 
Gustrau A, Ruzicka T, Hengge UR.  Epigenetic 
inactivation of tumor suppressor genes in serum 
of patients with cutaneous melanoma. J Invest 
Dermatol. 2006;126(2):422–31.

	102.	Hoon DS, Spugnardi M, Kuo C, Huang SK, Morton 
DL, Taback B.  Profiling epigenetic inactivation 
of tumor suppressor genes in tumors and plasma 
from cutaneous melanoma patients. Oncogene. 
2004;23(22):4014–22.

	103.	Mori T, O'Day SJ, Umetani N, et al. Predictive util-
ity of circulating methylated DNA in serum of mela-
noma patients receiving biochemotherapy. J Clin 
Oncol. 2005;23(36):9351–8.

	104.	Mori T, Martinez SR, O'Day SJ, et  al. Estrogen 
receptor-alpha methylation predicts melanoma pro-
gression. Cancer Res. 2006;66(13):6692–8.

	105.	Wouters J, Vizoso M, Martinez-Cardus A, et  al. 
Comprehensive DNA methylation study identi-
fies novel progression-related and prognostic 
markers for cutaneous melanoma. BMC Med. 
2017;15(1):101.

	106.	Guo W, Zhu L, Zhu R, Chen Q, Wang Q, Chen JQ. A 
four-DNA methylation biomarker is a superior pre-
dictor of survival of patients with cutaneous mela-
noma. elife. 2019;8:e44310.

	107.	Deichmann M, Benner A, Bock M, et al. S100-Beta, 
melanoma-inhibiting activity, and lactate dehydro-
genase discriminate progressive from nonprogres-
sive American joint committee on Cancer stage IV 
melanoma. J Clin Oncol. 1999;17(6):1891–6.

	108.	Balch CM, Gershenwald JE, Soong SJ, et al. Final 
version of 2009 AJCC melanoma staging and clas-
sification. J Clin Oncol. 2009;27(36):6199–206.

	109.	Egberts F, Kotthoff EM, Gerdes S, Egberts JH, 
Weichenthal M, Hauschild A.  Comparative 
study of YKL-40, S-100B and LDH as monitor-
ing tools for stage IV melanoma. Eur J Cancer. 
2012;48(5):695–702.

	110.	Oberholzer PA, Urosevic M, Steinert HC, Dummer 
R.  Baseline staging of melanoma with unknown 
primary site: the value of serum s100 protein and 
positron emission tomography. Dermatology. 
2008;217(4):351–5.

	111.	Tandler N, Mosch B, Pietzsch J.  Protein and non-
protein biomarkers in melanoma: a critical update. 
Amino Acids. 2012;43(6):2203–30.

	112.	Krahn G, Kaskel P, Sander S, et  al. S100 beta 
is a more reliable tumor marker in peripheral 
blood for patients with newly occurred mela-
noma metastases compared with MIA, albu-
min and lactate-dehydrogenase. Anticancer Res. 
2001;21(2B):1311–6.

	113.	Mocellin S, Zavagno G, Nitti D.  The prognos-
tic value of serum S100B in patients with cuta-
neous melanoma: a meta-analysis. Int J Cancer. 
2008;123(10):2370–6.

	114.	Egberts F, Momkvist A, Egberts JH, Kaehler KC, 
Hauschild A. Serum S100B and LDH are not useful 
in predicting the sentinel node status in melanoma 
patients. Anticancer Res. 2010;30(5):1799–805.

	115.	Acland K, Evans AV, Abraha H, et al. Serum S100 
concentrations are not useful in predicting micro-
metastatic disease in cutaneous malignant mela-
noma. Br J Dermatol. 2002;146(5):832–5.

	116.	Guo HB, Stoffel-Wagner B, Bierwirth T, Mezger 
J, Klingmuller D.  Clinical significance of serum 
S100  in metastatic malignant melanoma. Eur J 
Cancer. 1995;31A(11):1898–902.

	117.	Tarhini AA, Stuckert J, Lee S, Sander C, Kirkwood 
JM. Prognostic significance of serum S100B protein 
in high-risk surgically resected melanoma patients 
participating in intergroup trial ECOG 1694. J Clin 
Oncol. 2009;27(1):38–44.

16  Predictive Biomarkers of Melanoma



298

	118.	Li JP, Lu L, Wang LJ, Zhang FR, Shen WF. Increased 
serum levels of S100B are related to the severity of 
cardiac dysfunction, renal insufficiency and major 
cardiac events in patients with chronic heart failure. 
Clin Biochem. 2011;44(12):984–8.

	119.	Vaquero J, Jordano Q, Lee WM, Blei AT, Group 
USALFS. Serum protein S-100b in acute liver fail-
ure: results of the US acute liver failure study group. 
Liver Transpl. 2003;9(8):887–8.

	120.	Bosserhoff AK, Kaufmann M, Kaluza B, et  al. 
Melanoma-inhibiting activity, a novel serum marker 
for progression of malignant melanoma. Cancer Res. 
1997;57(15):3149–53.

	121.	Freeman JB, Gray ES, Millward M, Pearce R, Ziman 
M.  Evaluation of a multi-marker immunomagnetic 
enrichment assay for the quantification of circulating 
melanoma cells. J Transl Med. 2012;10:192.

	122.	Khoja L, Lorigan P, Dive C, Keilholz U, Fusi 
A.  Circulating tumour cells as tumour biomarkers 
in melanoma: detection methods and clinical rel-
evance. Ann Oncol. 2015;26(1):33–9.

	123.	Khoja L, Shenjere P, Hodgson C, et al. Prevalence 
and heterogeneity of circulating tumour cells in 
metastatic cutaneous melanoma. Melanoma Res. 
2014;24(1):40–6.

	124.	Mocellin S, Hoon D, Ambrosi A, Nitti D, Rossi 
CR.  The prognostic value of circulating tumor 
cells in patients with melanoma: a system-
atic review and meta-analysis. Clin Cancer Res. 
2006;12(15):4605–13.

	125.	Ulmer A, Schmidt-Kittler O, Fischer J, et  al. 
Immunomagnetic enrichment, genomic character-
ization, and prognostic impact of circulating mela-
noma cells. Clin Cancer Res. 2004;10(2):531–7.

	126.	Rao C, Bui T, Connelly M, et al. Circulating mela-
noma cells and survival in metastatic melanoma. Int 
J Oncol. 2011;38(3):755–60.

	127.	Nezos A, Msaouel P, Pissimissis N, et al. Methods of 
detection of circulating melanoma cells: a compara-
tive overview. Cancer Treat Rev. 2011;37(4):284–90.

	128.	Aya-Bonilla CA, Morici M, Hong X, et al. Detection 
and prognostic role of heterogeneous populations 
of melanoma circulating tumour cells. Br J Cancer. 
2020;122(7):1059–67.

	129.	Xiao D, Ohlendorf J, Chen Y, et  al. Identifying 
mRNA, microRNA and protein profiles of mela-
noma exosomes. PLoS One. 2012;7(10):e46874.

	130.	Lazar I, Clement E, Ducoux-Petit M, et al. Proteome 
characterization of melanoma exosomes reveals a 
specific signature for metastatic cell lines. Pigment 
Cell Melanoma Res. 2015;28(4):464–75.

	131.	Peinado H, Aleckovic M, Lavotshkin S, et  al. 
Melanoma exosomes educate bone marrow progeni-
tor cells toward a pro-metastatic phenotype through 
MET. Nat Med. 2012;18(6):883–91.

	132.	Pfeffer SR, Grossmann KF, Cassidy PB, et  al. 
Detection of Exosomal miRNAs in the plasma of 
melanoma patients. J Clin Med. 2015;4(12):2012–27.

	133.	Hodi FS, Chiarion-Sileni V, Gonzalez R, et  al. 
Nivolumab plus ipilimumab or nivolumab alone 

versus ipilimumab alone in advanced melanoma 
(CheckMate 067): 4-year outcomes of a multi-
centre, randomised, phase 3 trial. Lancet Oncol. 
2018;19(11):1480–92.

	134.	Hugo W, Zaretsky JM, Sun L, et al. Genomic and tran-
scriptomic features of response to anti-PD-1 therapy 
in metastatic melanoma. Cell. 2016;165(1):35–44.

	135.	van Rooij N, van Buuren MM, Philips D, et  al. 
Tumor exome analysis reveals neoantigen-specific 
T-cell reactivity in an ipilimumab-responsive mela-
noma. J Clin Oncol. 2013;31(32):e439–42.

	136.	Queirolo P, Dozin B, Morabito A, et al. Association 
of CTLA-4 gene variants with response to therapy 
and Long-term survival in metastatic melanoma 
patients treated with Ipilimumab: an Italian mela-
noma intergroup study. Front Immunol. 2017;8:386.

	137.	Axelrod ML, Johnson DB, Balko JM.  Emerging 
biomarkers for cancer immunotherapy in melanoma. 
Semin Cancer Biol. 2018;52(Pt 2):207–15.

	138.	Delyon J, Mateus C, Lefeuvre D, et al. Experience 
in daily practice with ipilimumab for the treatment 
of patients with metastatic melanoma: an early 
increase in lymphocyte and eosinophil counts is 
associated with improved survival. Ann Oncol. 
2013;24(6):1697–703.

	139.	Ku GY, Yuan J, Page DB, et  al. Single-institution 
experience with ipilimumab in advanced melanoma 
patients in the compassionate use setting: lympho-
cyte count after 2 doses correlates with survival. 
Cancer. 2010;116(7):1767–75.

	140.	Martens A, Wistuba-Hamprecht K, Yuan J, et  al. 
Increases in absolute lymphocytes and circulating 
CD4+ and CD8+ T cells are associated with positive 
clinical outcome of melanoma patients treated with 
Ipilimumab. Clin Cancer Res. 2016;22(19):4848–58.

	141.	Nakamura Y, Kitano S, Takahashi A, et  al. 
Nivolumab for advanced melanoma: pretreatment 
prognostic factors and early outcome markers dur-
ing therapy. Oncotarget. 2016;7(47):77404–15.

	142.	Simeone E, Gentilcore G, Giannarelli D, et  al. 
Immunological and biological changes during ipi-
limumab treatment and their potential correlation 
with clinical response and survival in patients with 
advanced melanoma. Cancer Immunol Immunother. 
2014;63(7):675–83.

	143.	Weide B, Martens A, Hassel JC, et  al. Baseline 
biomarkers for outcome of melanoma patients 
treated with Pembrolizumab. Clin Cancer Res. 
2016;22(22):5487–96.

	144.	Gebhardt C, Sevko A, Jiang H, et al. Myeloid cells 
and related chronic inflammatory factors as novel 
predictive markers in melanoma treatment with 
Ipilimumab. Clin Cancer Res. 2015;21(24):5453–9.

	145.	Ferrucci PF, Ascierto PA, Pigozzo J, et al. Baseline 
neutrophils and derived neutrophil-to-lymphocyte 
ratio: prognostic relevance in metastatic mela-
noma patients receiving ipilimumab. Ann Oncol. 
2016;27(4):732–8.

	146.	Zaragoza J, Caille A, Beneton N, et  al. High neu-
trophil to lymphocyte ratio measured before starting 

A. Hanly et al.



299

ipilimumab treatment is associated with reduced 
overall survival in patients with melanoma. Br J 
Dermatol. 2016;174(1):146–51.

	147.	Khoja L, Atenafu EG, Templeton A, et al. The full 
blood count as a biomarker of outcome and toxicity 
in ipilimumab-treated cutaneous metastatic mela-
noma. Cancer Med. 2016;5(10):2792–9.

	148.	Martens A, Wistuba-Hamprecht K, Geukes Foppen 
M, et al. Baseline peripheral blood biomarkers asso-
ciated with clinical outcome of advanced melanoma 
patients treated with Ipilimumab. Clin Cancer Res. 
2016;22(12):2908–18.

	149.	Sanmamed MF, Perez-Gracia JL, Schalper KA, et al. 
Changes in serum interleukin-8 (IL-8) levels reflect 
and predict response to anti-PD-1 treatment in mela-
noma and non-small-cell lung cancer patients. Ann 
Oncol. 2017;28(8):1988–95.

	150.	Wu X, Giobbie-Hurder A, Liao X, et  al. 
Angiopoietin-2 as a biomarker and target for 
immune checkpoint therapy. Cancer Immunol Res. 
2017;5(1):17–28.

	151.	Subrahmanyam PB, Dong Z, Gusenleitner D, 
et  al. Distinct predictive biomarker candidates for 
response to anti-CTLA-4 and anti-PD-1 immuno-
therapy in melanoma patients. J Immunother Cancer. 
2018;6(1):18.

	152.	Tumeh PC, Harview CL, Yearley JH, et  al. PD-1 
blockade induces responses by inhibiting adaptive 
immune resistance. Nature. 2014;515(7528):568–71.

	153.	Vilain RE, Menzies AM, Wilmott JS, et al. Dynamic 
changes in PD-L1 expression and immune infil-
trates early during treatment predict response to 
PD-1 blockade in melanoma. Clin Cancer Res. 
2017;23(17):5024–33.

	154.	Daud AI, Loo K, Pauli ML, et al. Tumor immune pro-
filing predicts response to anti-PD-1 therapy in human 
melanoma. J Clin Invest. 2016;126(9):3447–52.

	155.	Downey SG, Klapper JA, Smith FO, et al. Prognostic 
factors related to clinical response in patients with 
metastatic melanoma treated by CTL-associated 
antigen-4 blockade. Clin Cancer Res. 2007;13(22 Pt 
1):6681–8.

	156.	Blank CU, Haanen JB, Ribas A, Schumacher 
TN.  CANCER IMMUNOLOGY.  The “Cancer 
Immunogram”. Science. 2016;352(6286):658–60.

	157.	Flaherty KT, Infante JR, Daud A, et  al. Combined 
BRAF and MEK inhibition in melanoma 
with BRAF V600 mutations. N Engl J Med. 
2012;367(18):1694–703.

	158.	Flaherty KT, Puzanov I, Kim KB, et al. Inhibition of 
mutated, activated BRAF in metastatic melanoma. N 
Engl J Med. 2010;363(9):809–19.

	159.	Flaherty KT, Puzanov I, Kim KB, et al. Inhibition of 
mutated, activated BRAF in metastatic melanoma. N 
Engl J Med. 2010;363(9):809–19.

	160.	Santiago-Walker A, Gagnon R, Mazumdar J, et  al. 
Correlation of BRAF mutation status in circulating-

free DNA and tumor and association with clinical 
outcome across four BRAFi and MEKi clinical tri-
als. Clin Cancer Res. 2016;22(3):567–74.

	161.	Louveau B, Tost J, Mauger F, et  al. Clinical value 
of early detection of circulating tumour DNA-
BRAF(V600mut) in patients with metastatic mela-
noma treated with a BRAF inhibitor. ESMO Open. 
2017;2(2):e000173.

	162.	Sanmamed MF, Fernandez-Landazuri S, Rodriguez 
C, et  al. Quantitative cell-free circulating 
BRAFV600E mutation analysis by use of droplet 
digital PCR in the follow-up of patients with mel-
anoma being treated with BRAF inhibitors. Clin 
Chem. 2015;61(1):297–304.

	163.	Knol AC, Vallee A, Herbreteau G, et  al. Clinical 
significance of BRAF mutation status in circulat-
ing tumor DNA of metastatic melanoma patients at 
baseline. Exp Dermatol. 2016;25(10):783–8.

	164.	Long GV, Grob JJ, Nathan P, et  al. Factors pre-
dictive of response, disease progression, and 
overall survival after dabrafenib and trametinib com-
bination treatment: a pooled analysis of individual 
patient data from randomised trials. Lancet Oncol. 
2016;17(12):1743–54.

	165.	Wang J, Wuethrich A, Sina AA, et  al. Tracking 
extracellular vesicle phenotypic changes enables 
treatment monitoring in melanoma. Sci Adv. 
2020;6(9):eaax3223.

	166.	Cocorocchio E, Martinoli C, Gandini S, et al. Baseline 
neutrophil-to-lymphocyte ratio (NLR) is associated 
with outcome of patients treated with BRAF inhibi-
tors. Clin Transl Oncol. 2020;22(10):1818–24.

	167.	Louveau B, Delyon J, De Moura CR, et  al. A tar-
geted genomic alteration analysis predicts survival 
of melanoma patients under BRAF inhibitors. 
Oncotarget. 2019;10(18):1669–87.

	168.	Yan Y, Wongchenko MJ, Robert C, et al. Genomic 
features of exceptional response in Vemurafenib +/− 
Cobimetinib-treated patients with BRAF (V600)-
mutated metastatic melanoma. Clin Cancer Res. 
2019;25(11):3239–46.

	169.	Wongchenko MJ, McArthur GA, Dreno B, et  al. 
Gene expression profiling in BRAF-mutated mela-
noma reveals patient subgroups with poor out-
comes to Vemurafenib that may be overcome by 
Cobimetinib plus Vemurafenib. Clin Cancer Res. 
2017;23(17):5238–45.

	170.	Trunzer K, Pavlick AC, Schuchter L, et  al. 
Pharmacodynamic effects and mechanisms of resis-
tance to vemurafenib in patients with metastatic 
melanoma. J Clin Oncol. 2013;31(14):1767–74.

	171.	Wagle MC, Kirouac D, Klijn C, et al. A transcrip-
tional MAPK pathway activity score (MPAS) is 
a clinically relevant biomarker in multiple cancer 
types. NPJ Precis Oncol. 2018;2(1):7.

16  Predictive Biomarkers of Melanoma


	16: Predictive Biomarkers of Melanoma
	16.1	 Diagnostic Biomarkers
	16.1.1	 S100
	16.1.2	 HMB-45
	16.1.3	 Melan A
	16.1.4	 Chondroitin Sulfate Proteoglycan 4 (CSPG4)

	16.2	 Prognostic Biomarkers
	16.2.1	 Immunohistochemical Markers
	16.2.1.1	 Mitotic Rate
	16.2.1.2	 Ki-67
	16.2.1.3	 Melanoma Cell Adhesion Molecule (MCAM)
	16.2.1.4	 Multiple Marker Arrays

	16.2.2	 Genetic Biomarkers
	16.2.2.1	 KIT
	16.2.2.2	 Cdkn2a/b
	16.2.2.3	 Expression Profiling
	16.2.2.4	 MicroRNA (miRNA)
	16.2.2.5	 Circulating Tumor DNA (ctDNA)
	16.2.2.6	 DNA Methylation


	16.3	 Serologic Biomarkers
	16.3.1	 Lactate Dehydrogenase (LDH)
	16.3.2	 S100
	16.3.3	 Melanoma-Inhibiting Activity (MIA)
	16.3.4	 Circulating Melanoma Cells (CMCs)
	16.3.5	 Exosomes

	16.4	 Biomarkers of Treatment Response: Immunotherapy
	16.5	 Biomarkers of Treatment Response: Targeted Therapy
	16.6	 Summary
	References


